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 Local field potentials (LFPs) offer one method to 
improve yield and longevity.  These signals are the averaged 
local activity of cells a small distance from the electrode tip.  
Since the “listening sphere” for LFPs is larger than that for 
single cells, LFP signals are present even if an electrode 
does not pick up the activity of a single cell.  In our 
experience, the longevity of LFP recordings exceeds that of 
cells (Fig 1c). Also the larger listening sphere appears to 
protect the LFP recordings from the effects of local scarring 
around the electrode tips.  However, LFPs have not been 
used routinely in neuroprosthetics research, perhaps because 
it is assumed that much less information can be extracted 
from averaged activity compared to single cell activity.  
This paper describes experiments indicating that, with the 
appropriate analysis tools, LFP recordings can provide 
similar information and decode performance to spike 
recordings.   
Autonomously moving probes are another method to 
improve yield and longevity of recording.  “Chronic” 
recording experiments, required for neural prosthetics 
applications, use arrays of electrodes that are implanted in a 
single surgery and cannot be moved.  This “shot gun” 
approach to sampling cells is not optimal, since electrodes 
may not be positioned near cells, and there is no flexibility 
in targeting specific cell types or receptive field positions 
(for tiling a space).  It would be advantageous to be able to 
move the electrodes once they are implanted in order to 
select individual cells, optimize cell recording quality, and 
adjust for cell migration effects. 
In addition to optimizing cell yield and selection, 
autonomously moving probes could also improve the signal 
quality, stability and longevity of chronic recordings.  The 
reported success of chronic array recordings vary widely 
across different animals, cortical areas, and array designs.  
While some arrays continued to record some signals for 
periods of up to a few years [1, 2],  the quality of single cell 
activation in most channels of fixed-geometry implanted 
electrode arrays noticeably degrades after a few months [3].  
Among the factors contributing to this deleterious loss of 
signal include reactive gliosis [4, 5]  resulting from 
electrode movement in the tissue or bio-incompatibility of 
the electrode’s surface material [6, 7].  Movement of the 
electrodes, to follow the drift of cells by tissue movement, 
or the possibility of breaking through scars to fresh tissue, 
may improve the longevity of cell recording.   
  
Experiments have recently been performed in monkeys 
in which reach intentions are decoded from PRR activity in 
real time, and used to position a cursor on a computer screen 
[16].  Reach goals were decoded from activity present when 
the monkeys were planning the reach movements, but 
otherwise were sitting motionless in the dark, and were not 
making eye movements.  Thus the cognitive signals in the 
brain control task were free of any sensory or motor related 
activity.     
Fig 1 A)  B)  LFP spectrogram from a single recording site in area LIP.  A)  
The monkey plans an eye movement in the preferred direction for this site 
and B) in the opposite direction.  Modified from Pesaran et al.2002.  C) 
Number of channels with LFP and spike activity for the same 96 electrode 
array in PRR and area 5. 
 
There are some systems that allow movement of the 
electrodes [8-12].  However, these systems are all manually 
operated, and, with permanent implants of large numbers of 
electrodes, such manual adjustment would be tedious and 
impractical for patients.  This is especially true considering 
that the electrodes would have to be moved throughout the 
lifetime of the implant to maintain longevity of recording.   
Automated movable probes would overcome these 
limitations.   Below we describe the development of 
automated positioning algorithms and a positioner with very 
small piezoelectric motors which have been used 
successfully in monkeys to automatically isolate and hold 
signals from single cortical neurons. 
 
 COGNITIVE BASED NEUROPROSTHETICS 
 
Before describing the new recording methods, we 
outline the type of neural prosthetic we are developing for 
use with these new techniques.  Prior studies have focused 
primarily on deriving command signals from motor  cortex 
[13-15].  Recordings from multiple cortical neurons are 
“decoded” to control the trajectories of a robotic limb or a 
cursor on a computer screen.  We refer to this approach as 
motor-based.  We have been developing another approach 
which uses high-level cognitive signals recorded from single 
cells or LFPs.  This cognitive-based approach decodes the 
goals and intentions of the subject, rather than the 
instructions on how to obtain those goals.  The lower-level 
instructions are envisioned to be managed by smart output 
devices, such as robots, computers or vehicles, using 
supervisory control systems.   
Cognitive control signals can be derived from many 
higher cortical areas related to sensory-motor integration in 
the parietal and frontal lobes.  The primary distinction is not 
the place from which recordings are made.  Rather it is the 
type of information that is being decoded, and the strategy 
for using these signals to assist patients.  In monkeys we 
have focused on the posterior parietal reach region (PRR), 
but similar approaches can be used for interpreting cognitive 
signals from other brain areas.  It is likely that some areas 
will be better than others depending on the cognitive signals 
to be decoded and the parts of the brain that are damaged.   
 
Signals related to reward prediction could also be 
decoded from the PRR activity.  PRR cells were found to be 
more active and better tuned when the animal expects a 
bigger or more probable reward at the end of a successful 
trial where the monkey is controlling cursor position with 
his neural activity.  Rather remarkably, PRR cell activity 
also reflects reward preference, being more active prior to 
the expected delivery of a preferred citrus juice reward than 
a neutral water reward.  In fact, the goal and expected value 
could be read out simultaneously in the brain control task.  
These experiments show that multiple cognitive variables 
can be decoded at the same time.   
 
LOCAL FIELD POTENTIALS 
 
We recently discovered that the local field potentials 
recorded in the posterior parietal cortex of monkeys carry 
information regarding the animals’ movement intentions. In 
area LIP, the eye movement area adjacent to PRR, the 
magnitude of the gamma band (approximately 25-90 Hz) 
oscillations in the LFPs were good predictors of the 
direction of monkeys’ planned eye movements (Fig 1 a, b) 
[17].  The beta band, centered at around 20 Hz, carried     
different information.  The oscillatory activity in this band 
was not direction tuned, but rather indicated the behavioral 
state of the subject.  When the animal was planning a 
saccade, the magnitude of the signal slowly increased 
(planning state), while at the time of the eye movement the 
signal magnitude dramatically decreased (execution state) 
[17].   
A direct comparison was made of the ability to decode 
intentions using the spikes and LFPs obtained from 
recordings made in LIP [17].  A linear discriminant analysis 
96 channels
c) 
 was used to predict, from single trials, the direction of a 
planned eye movement.  The performance for prediction of 
direction was similar for spikes and LFPs.  The decoding 
performance for behavioral state was also examined; in this 
case, whether the monkey was planning or executing a 
movement.  The LFPs were better for predicting the 
behavioral state of the animals [17].  The better performance 
of the LFP for state decoding may reflect the activity due to 
circuits within LIP or inputs to LIP from external sources.   
We have also recently characterized the temporal 
properties of LFPs in PRR [18].  The gamma band activity 
in PRR is direction tuned for the spikes and LFPs, but the 
peak power in the spatially tuned frequency band is 10 to 20 
Hz lower in PRR as compared to LIP [19].  The decoding of 
behavioral state from PRR activity was better when using 
LFPs compared to spikes, similar to the result found for LIP.  
Thus the LFPs provide the most reliable indication of 
changes in behavioral state for both areas.  In motor cortex, 
LFPs evoked by limb movements have been decoded to 
predict reach movement directions, with similar 
performance to spike decodes [20].   
Recent experiments from our lab indicate that LFP 
activity at single sites in PRR can be used in brain control 
tasks to decode the planned direction of reach movements.  
The performance is again comparable to that seen with 
spikes.  Finally, it has been our experience that LFP activity 
is maintained for much longer periods of time than spikes.  
Fig 1c shows that the number of channels whose LFP power 
exceeds a fixed threshold remains approximately constant 
over months while the number of channels with spiking 
activity declines. 
 
AUTOMATED, MOVABLE PROBES 
 
 We have developed movable electrode control 
algorithms for automated isolation and tracking of neural 
signals.  These algorithms are based on a cell isolation 
curve, which relates electrode displacement to recorded 
signal quality. Such curves are the norm in neural recordings 
[21].  The electrode position control algorithm is based on 
the interpretation of the cell isolation curve as a regression 
function.  To autonomously position the electrode, the 
control algorithm uses a stochastic optimization method to 
reliably find the peak of the isolation function, with small 
modifications that smooth the electrodes’ movements and 
prevent excessive dithering.  The control algorithm has been 
used successfully to control a microdrive to automatically 
isolate and maintain extracellular signal activity in monkey 
PRR [22].  An example of an automated isolation session is 
shown in Fig 2c.  The blue trace shows the electrode’s 
automated movement sequence while the red trace 
represents the smoothed isolation curve, and the bottom 
traces show the average waveform at each position (Fig 2c).  
The microdrive was built using small piezoelectric motors 
that allowed many millimeters of electrode movement, with 
sub-micron resolution. 
 
Fig 2 A) Small piezoelectric motor and B) assembled microdrive containing 
four motors.  This microdrive can independently position 4 electrodes.  C)  
Automated isolation of a PRR neuron.  Shown is the peak to peak 
amplitude of the signal as a function of electrode position. 
 
 
 The eventual goal is to use micro-electro-mechanical 
systems (MEMS) technology to produce a movable 
electrode array implant (Fig 3).  One promising method we 
are developing is to use electrolysis techniques to move and 
lock the probes in place [23-26].  The movement is 
accomplished by passing electrical current within small 
bellows-chambers filled with fluid.  The gas generated by 
electrolysis increases pressure within the bellows and moves 
the electrode.  The electrodes can be moved in the opposite 
direction by reversing the current flow and using a catalyst.  
Advantages of this electrolysis technique are relatively low 
driving voltage, low heat dissipation, the ability to lock 
electrodes in place without the need for continuous power 
dissipation, the ability to generate very high forces, and the 
ability to provide hundreds of microns of electrode 
displacement.  Fig 3 shows an example of this system, in 
which linear arrays of these electrolysis actuators would be 
inserted into cortex through a small skull burr hole and 
duratomy.  The electrodes would “float”; that is, they would 
not be rigidly connected to the skull and would move with 
the tissue [27].   
CONCLUSION 
 
In this paper, we outlined two new strategies for 
improving the yield and increasing the lifetime of recordings 
for neural prosthetics applications.  One strategy is to utilize  
272 274 276 278 280 282 284 286 288-
-
0
2
4
6
8
Position 
a) 
b
c
P
TP
 A
m
pl
itu
de
 (V
ol
ts
) 
  
 
Fig 3.  Schematic of MEMS based actuators and electrodes for cortical 
implantation. 
LFPs.  Because of the ease and longevity of the LFPs, and 
the recently discovered wealth of detail that can be decoded 
from these signals, they represent an interesting avenue of 
future exploration.  The second is an engineering advance, 
which enables the automatic advancement of electrodes [22, 
28].  Automated movable probes will allow neural 
prosthetics to increase the yield of recorded signals and to 
select specific cell types to enable the best tiling of cognitive 
spaces.  These algorithms will also facilitate the increased 
quality and stability of signals for long term chronic 
recordings. 
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